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ABSTRACT 
South Africa is currently experiencing an electricity crisis. This, combined with the high levels of solar 
irradiation as well as the power utility’s need to reduce the country’s peak demand through DSM 
(Demand Side Management), has promoted the installation of  solar water heaters (SWHs) in homes 
across the country. This paper presents three case studies which were M&V’d according to the 
IPMVP (International Performance Measurement & Verification Protocol). The methodology used 
does not require baseline measurements since the baseline is calculated from continuous 
measurements of thermal energy delivered by the newly installed SWHs and estimation of standing 
losses of the replaced electric water heater (EWH).  This allows the homeowner to go ahead with the 
installation of the SWH without waiting for M&V to establish a baseline for the EWH which is being 
replaced.  This method is preferred by homeowners and the DSM utility alike, since the installation of 
the SWH is not delayed by M&V.  A measurement system including an electric power meter, inlet and 
outlet water temperature probes, ambient temperature probe, flow meter and GSM modem were 
developed to measure the service level and performance of the SWH.  This measurement system 
along with a method for modelling the usage of an EWH are crucial to the M&V methodology 
employed. This paper describes the type of systems investigated, the M&V metering, M&V 
methodology, and the payback period of each system.  The sensitivity of the savings with respect to 
EWH standing losses is investigated.  This case study provides valuable information for those 
interested in studying or performing M&V on SWHs.    
Introduction 
South Africa has an electricity supply shortage, however the northern regions of the country, based on 
the escarpment, experience high levels of solar irradiation [1].  This has prompted the installation of 
SWHs across the country [2] . 
This paper focuses on determining the savings that can be achieved by SWHs in the residential 
sector.  Three case studies were investigated.  The IPMVP [3] was used to develop a methodology for 
determining the savings from these systems.  This methodology involves the use of a custom built 
measurement system to record the SWH usage and performance data. 
The three systems investigated were, a 100 litre system, used by a bachelor, a 150 litre system, used 
by a household of six and a 200 litre system, used by a household of four. All three systems have a 
backup electrical heating element rated at 2.5 kW. 
The purpose of this case study is to determine the energy savings, conduct a payback versus EWH 
standing loss and payback versus capital investment analysis. The Monte Carlo method was used to 
vary EWH standing losses so that one may view the effect that different EWH standing losses have 
on the SWH payback period.  
Typically, savings of such systems are determined by comparing electricity bills of the pre-retrofitted 
and the post-retrofitted systems. However that approach is flawed in that it does not account for 
potential changes in hot water usage after the installation of the SWH.  Furthermore, it does not 
account for the possibility of other changes in household consumption occurring between the baseline 
and assessment periods.   
In this analysis, the approach taken involves the isolation of the energy consumption of the hot water 
system from that of the rest of the house and the reporting of savings relative to the hot water usage 
levels demanded of the SWHs. 
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SWH system specifications 
The system specifications of the three SWHs being investigated are displayed in Table 1 below. 
Table 1. System Specifications 
System 100 Litre 150 Litre 200 Litre 
Working Pressure 0kPa 0kPa 0kPa 
Type of Collectors Evacuated Tube Evacuated Tube Evacuated Tube 
Number of Tubes 15 20 26 
Collector Aperture Area 1.3 m2 1.7 m2 2.2 m2 
No. Occupants 1 6 2-4 
Set point temperature 55 ⁰C 65 ⁰C 65 ⁰C 
 
The basic low pressure SWH system consists of an inner tank, insulation, outer tank, heat collectors 
and a support base. The investigated low pressure SWHs include additional equipment such as an 
intelligent heating controller, heating element, storage tank water temperature sensor and outlet water 
pressure boosting pump [4]. Figure 1 presents a photo of the 100l SWH installation. 
Figure 1. 100l Solar Water Heater Installation 
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Metering System 
The metering system, shown in Figure 2, was developed by a company specializing in measurement 
equipment. The meter system is powered by a 12 volt rechargeable battery and two 10W photovoltaic 
panels. Data is obtained by downloading it remotely using a GSM modem. 
The metering system installed on the SWHs captures the following data: inlet cold water temperature 
(⁰C), outlet hot water temperature (⁰C), element usage (kWh), ambient Temperature (⁰C), solar 
irradiance (W/m2) and flow (L). The data is captured by the meter on a minutely basis. 
Figure 2. SWH measurement system 
Savings Calculation Methodology 
Retrofitting an EWH with a SWH should reduce the daily electrical power demand and save energy. 
The determination of the energy savings from the retrofit will be done using a Measurement and 
Verification (M&V) methodology [3]. The M&V methodology used, is in accordance with the IPMVP [3] 
and SANS 50010 [5]. 
The IPMVP [3] gives the following basic equation for determining the avoided cost energy savings: 
	 = 	
		 − 	
  (1) 
The Baseline being the consumption of the EWH and the Actual being the electricity consumption of 
the SWH.  The Adjusted Baseline is the energy that the EWH would have consumed had it been 
operating in the conditions of the SWH.  Thus the adjusted baseline represents the energy 
consumption of the EWH supplying the same amount of hot water as is required of the SWH. 
The general energy savings equation stated in the IPMVP has been adapted to suit these SWHs. The 
energy saving for the system is given by the following equation. 
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                              	 =  −	( +	 )                             (2) 
Where   is the energy savings 
  is the adjusted baseline energy 
 and   are the electric energy used by the backup heating element and outlet 
water pump of the SWH 
This gives the avoided cost savings where the savings are reported relative to the way in which the 
SWH is used.  Whether the change from an EWH to a SWH itself causes the household occupants to 
change their habits and hot water usage was not determined – since only post-retrofit water usage is 
measured. 
There are 3 possible cases regarding a change in hot water usage pre- and post- retrofit: 
• Hot water usage goes up after SWH installation (e.g. due to residents thinking that they are 
saving energy and can use more hot water) 
• Hot water usage stays the same 
• Hot water usage decreases (e.g. due to increased awareness of energy issues and 
willingness to save extra money) 
For case 1 and case 3 it is assumed that the change would have occurred anyway in this analysis. 
The calibrated simulation option under the IPMVP was chosen where the pre-retrofit system usage 
(baseline) is simulated [3], [6]. The adjusted baseline is calculated using the following equation: 
 = "#$ #	 +                                (3) 
Where   is the adjusted baseline energy 
 Q&'()&* is the thermal energy used by the occupants in the form of hot water from the SWH 
and 
  is the standing losses of the EWH 
Therefore the baseline is calculated relative to the hot water usage levels associated with the SWH.   
The actual energy Q&'()&* is determined from the following equation: 
Q&'()&* =	+#$ #	 ∙  ∙ (-. 	(#$ #) −	-/	(#$ #))                      (4) 
Where  m&'()&*	is the mass of the hot water withdrawn from the SWH by the occupants 
  = 4180 J/K is the heat capacity of water 
 -. 	(#$ #) is outlet temperature of the hot water from the SWH 
 -/	(#$ #) is inlet temperature of the cold water entering the SWH 
The metering system installed on the SWH system captures the above data from the SWH system. 
The novelty of this methodology is that it does not require baseline measurements since the baseline 
is calculated from continuous measurements of thermal energy delivered by the newly installed SWH 
and estimation of standing losses of the replaced EWH.  This allows the homeowner to go ahead with 
the installation of the SWH without waiting for M&V to establish a baseline for the electric water heater 
which is being replaced.  This method is preferred by homeowners and the DSM utility alike, since the 
installation of the SWH is not delayed by M&V. 
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Standing Losses  
In South Africa standing losses are regulated by the SABS standard SANS 151 [5] which requires 
standing losses to be less than a certain amount of kWh per day under certain conditions.  Table 2 
shows the SABS maximum permissible standing losses for different size EWHs. 
Table 2. SANS 151 standing losses (kWh/day) for different capacity EWHs 
Capacity (l) Standing Loss (kWh/day) 
100l 2.2 kWh/day 
150l 2.6 kWh/day 
200l 3.0 kWh/day 
 
Based on a recent studies on standing losses of South African EWHs [7], [8], the standing losses can 
vary depending on the EWH installation (vertical vs horizontal) and the presence of extra thermal 
insulation on the EWH and hot water pipes.  According to equations (2) and (3), the higher the 
standing losses, the higher the baseline and potential for savings. 
It is possible to determine a heat loss coefficient from the maximum permissible standing losses and 
then determine the standing losses dynamically based on the temperature difference between the 
EWH tank water and the ambient environment.  However, the overall daily results do not change 
significantly using this method as compared to using a constant value for the daily standing loss. 
Data Analysis  
Tables 3-4 and Figures 3-6 present the results of the savings analysis.   
The 100 litre’s total flow and water usage are the lowest of the three, yet savings produced are on par 
with the other two households. This is because this SWH’s backup element is set to only turn on if 
needed between the times of 4pm-5pm. Upon monitoring the system, it was observed that the 
auxiliary electrical element only operated in the winter months for approximately 13 minutes per day 
thus contributing to the energy saved.  
The 100 litre system’s set point is the lowest of the three systems (55 ̊C). This system is also the most 
efficient because out of the three systems it used the auxiliary element the least. The 150 and 200 
litre systems’ set point were 65 ̊C. The higher set point results in higher electricity usage.   
The 150 litre system’s total flow is the highest, this is expected as it is used by a family of 6. 
Correspondingly, this system has the highest energy savings.  This household’s hot water usage 
averages 65 litres per person per day.  
The 200 litre system has a lower than expected water usage and energy savings. This is probably 
due to the household occupancy being two, during weekdays, and four, during weekends. It is 
interesting to note the large role occupancy, SWH settings and water usage play in energy saved.      
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Table 3. Average Daily SWH usage statistics 
Table 4. Average Monthly SWH usage statistics 
 
  
Ambien
t Temp 
(⁰C) 
hot 
water 
usage 
(l) 
Inlet 
Temp 
(⁰C)  
Outlet 
Temp 
(⁰C) 
Averag
e Q 
(kWh) 
Baselin
e (kWh) 
Element 
Use 
(kWh) 
Savings 
(kWh) 
100l 
SWH 18.07 55.5  19.7 52.4  2.06 4.46 0.16 4.29 
150l 
SWH 23.99 393.90 23.69 49.41 11.76 14.36 9.56 4.80 
200l 
SWH - 101.61 16.5 54.8 4.49 7.49 2.84 4.65 
  
Ambient 
Temp 
(⁰C) 
hot 
water 
usage 
(l) 
Inlet 
Temp 
(⁰C)  
Outlet 
Temp 
(⁰C) 
Average 
Q (kWh) 
Baselin
e (kWh) 
Element 
Use 
(kWh) 
Savings 
(kWh) 
100l 
SWH 
18.27 1 665 19.7 52.4  61.71  133.71  4.88  128.82  
150l 
SWH 
23.99 11 816 22.90 49.41 352.91 430.91 286.83 144.08 
200l 
SWH 
- 3 048  16.5 54.8 135.7 207.7 85.21 132.9 
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Figure 3. Monthly Saving Comparison of the SWH's 
Figure 4. Bachelor’s (100l) hourly demand profile 
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Figure 5. Family of six (150l), hourly demand profile 
Figure 6. Family of four (200l), hourly demand profile  
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From the bachelor’s demand profile represented in Figure 4, one can observe that water usage 
occurs mostly in the late afternoon to evenings and since the element is not required to regularly 
maintain water temperature one can see that there the savings are almost equal to the baseline.  
Looking at Figure 5 and Figure 6 one can see that the auxiliary element is required to maintain water 
temperature on a more regular basis especially during the morning periods due to the lack of solar 
thermal energy from dusk till dawn.  What can be discerned in all three cases, is that the retrofitting of 
the SWH has played a significant part in reducing the power demand during the residential peak 
periods (7am-10am and 6pm-9pm).     
Payback Calculations  
The payback calculation of each system is based on the discounted cash flow calculation method 
[9].This method is not the most accurate method in determining a payback of a system but it would 
give a general estimate of each systems payback period [10]. The comparison was carried out over a 
10 year period. This comparison was of interest as it could validate the profitability of the installation 
and use of a SWH. A period of 10 years was chosen since that is the estimated life span of a SWH.    
Table 6 presents the data used in the payback analysis. The pages that follow show the standing loss 
versus payback graphs (Figures 7-8) that are derived from the method above while varying the 
standing losses. South Africa has a flat rate electricity tariff throughout the day for residential 
consumers. The 2015 tariff is ZAR 1.20 per kWh (USD 1 = ZAR 12). 
Table 5. Annual savings and payback based on the maximum permissible standing loss 
 
Standing Loss 
(kW/day) 
Average Annual 
Savings (kWh) 
Estimated Payback 
Period (Years) 
Bachelor, 100 litre 
System  
2.4 1 566 3.2 
Family Of 6, 150 litre 
System 
2.6 1752 3.3 
Family Of  4, 200 litre 
System 
3 1 624 4.1 
 
Table 6. Discounted cash flow factors 
Capital cost (investment interest rate)  6% 
Electricity inflation 12% 
Electricity cost (year 1) R1.20/kWh 
Consumer price index 6% 
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Figure 7. Standing Loss versus Payback Period for each System 
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100l SWH Standing Loss vs Payback
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Figure 8. Payback versus Capital Cost Investment 
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Observing the capital cost and standing loss versus payback graph in Figures 7-8 one can observe 
that the estimated payback period for a SWH system would be between 4-6 years. This is a 
respectable payback period as one breaks even at the half way stage of the SWH’s life span. It was 
interesting to observe that after factoring in electricity inflation, CPI and investment interest rate, one 
would still save more money through the installation and use of a SWH than by investing the capital in 
a bank account. 
Observing the effect of standing losses on the payback period one can see that as the standing 
losses increases the payback period deceases. The standing losses are those of the EWH system i.e. 
the pre-retrofitted system. Therefore the more inefficient the EWH, the bigger the savings would be 
after the EWH is upgraded to a SWH. 
Conclusion 
In this case study three SWHs in different homes and operating conditions were investigated. From 
the analysis of the data it is clear that all three systems produced energy savings as well as demand 
reduction during peak usage periods, irrespective of the variable water usage contributed by the 
households. 
The payback analysis produced an interesting study and highlights the important role standing losses 
play in the energy savings and payback period of a SWH. A major benefit of the SWH is that one 
would eventually save more money with a SWH than simply investing the money in a low risk fixed 
deposit account. 
The novel methodology implemented in this study showed evidence that the retrofitted SWH system 
produced savings with respect to an EWH.  While SWHs are significantly more expensive than EWHs 
they require less energy from the grid. This benefit makes the SWH an attractive choice over an 
EWH. Although this benefit makes a SWH a practical option, one should place emphasis on the user 
consumption, sizing and pricing of a SWH system in order to achieve the best payback. 
The knowledge and experience gained from investigating these SWH’s will be used in the design as 
well as the implementation of a Measurement and Verification SWH methodology for a nationwide 
SWH M&V rebate programme in South Africa.   
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